Objective: To access the safety and efficacy of tubeless percutaneous nephrolithotomy (PCNL). Materials and methods: Since January 2001, 1000 consecutive tubeless PCNLs performed at our hospital were enrolled into this retrospective chart review. The average age of the patients (659 males and 341 females) was 54.4 ± 12.6 years, and 55 patients were 75 years old or older. The stone characteristics were 490 non-complete staghorn kidney stones, 218 ureteral stones, 119 kidney + ureteral stones and 173 complete staghorn stones. The mean stone size was 3.5 ± 2.0 cm, and 200 patients had stone size 5.0 cm. The average operative time was 78.0 ± 29.4 minutes. The stone free rates were 78.8%, 100%, 84.9% and 45.0% for kidney, ureter, kidney + ureter and complete staghorn stones, respectively, with an overall stone free rate of 78.3%. The average postoperative hospital stay was 3.6 ± 2.1 days, and the blood transfusion rate was 2.4%. Postoperative fever was noted in 104 patients, and urosepsis was noted in 13 patients. Pulmonary complication included hydrothorax in 5 patients, hemothorax in 2 patients, pneumothorax in 2 patients and acute pulmonary edema in 1 patient. Cadiovascular complications included congestive heart failure in 1 patient and pneumomediastinum in 1 patient. Conclusion: Our study demonstrated that sith adequate hemotasis, tubeless modification is a safe modality for PCNL.
Introduction
Removing kidney stones via percutaneous access is a less invasive and more effective procedure than traditional open stone surgery. The advantages of percutaneous nephrolithotomy (PCNL) over open urinary stone surgery include lower morbidity and mortality rates, faster recovery, easier secondary procedures, and greater cost effectiveness. 1 Although the introduction of shock wave lithotripsy and advances in endourological equipment and intracorporeal lithotriptors have changed the way urinary stones are managed, PCNL still plays an important role in the treatment of complicated upper urinary tract stones. 2 In 2005, the American Urology Association stated that PCNL should be the standard treatment of choice for the primary approach in patients with large or staghorn stones. 3 Placement of a nephrostomy tube at the end of PCNL was a standard procedure for PCNL in the past. The purpose of this indwelling nephrostomy tube is to provide adequate urinary drainage, hemostatic tamponade of the access tract, and preserve renal access for a possible second-look PCNL. However, the need for placing a nephrostomy tube has been challenged by several authors since 1997. Many reports have confirmed the safety and efficacy of tubeless PCNL, and demonstrated the benefits of a lower analgesic requirement and earlier hospital discharge with no increase in morbidity. 4e6 However, the results of tubeless PCNL with a large number of patients in a single institute have not been previously reported. Tubeless modification for percutaneous renal surgery has been performed at our hospital since 2001. As experience accumulated, we became familiar with tubeless modification and it soon became a routine procedure for PCNL at our hospital. To clarify the efficacy and safety of tubeless PCNL, in this study we retrospectively reviewed the clinical results of the first 1000 consecutive cases of tubeless PCNL at our hospital.
Materials and Methods
Between January 2001 and March 2014, 1000 consecutive tubeless PCNLs were performed at our hospital. The indications for PCNL included a large stone burden, multiple stones, calyceal stones, urinary tract anatomic anomalies, and extracorporeal shock wave lithotripsy or ureteroscopy failure for patients with upper urinary tract stones. All of the PCNLs were performed by the same experienced urology team using standard operative procedures.
Before renal puncture, an occlusion balloon catheter was inserted cystoscopically in the supine lithotomy position to allow for retrograde saline infusion and prevent downward migration of stone fragments during lithotripsy. The renal access tract was obtained by ultrasound-guided puncture by the same urology team with the patient in the prone position. The access tract was dilated with coaxial metal dilators to 26e28 F depending on the stone size and renal anatomy. All patients in this study received a single access tract. The holmiumeyttriumealuminumegarnet laser and pneumatic lithotripter were used alone or in combination to disintegrate the stones.
After the stones had been disintegration and extracted, a 6 or 7 F double-J catheter was inserted in an antegrade fashion for postoperative urine drainage. The irrigation fluid was then changed to distilled water. The bleeding points of the collecting system and access tract were cauterized with a self-made long electrode probe attached to the handpiece of a conventional electric cauterizer as described previously. 7 For patients in whom the bleeding points could not be well controlled by cauterization, oxidized regenerated cellulose (Surgicel ® , Ethicon, Inc., Somerville, NJ) strips were used to pack and tamponade the renal parenchyma to achieve more effective hemostasis. The percutaneous wound was then closed with suture without the placement of the nephrostomy tube in the remaining patients. A Foley catheter was inserted into every patient for urinary drainage, and the catheter was removed in the next morning. Because a double-J catheter had been inserted in every patient, we did not exclude the patients with residual stones and perforation of the collecting system from tubeless PCNL. Patient age, stone characteristics, stone size, operative time, postoperative hospital stay, urinary tract infection rate, transfusion rate, and other complications were recorded and analyzed by retrospective chart review. The stone size was measured on a preoperative kidneyeureterebladder film (or from computed tomography in cases with radiolucent stones) using the longest diameter. The operative time was calculated from the beginning of cystoscopy to the end of wound closure. Stone free was defined as complete removal of all stones (including clinically insignificant nontarget stones) as evaluated by a postoperative kidneyeureterebladder film or computed tomography performed immediately after the procedure. A body temperature above 38.5 C after the operation was defined as postoperative fever. Sepsis was defined as patients with systemic inflammatory response syndrome with suspected infection.
Results
The age of the patients ranged from 28 years to 89 years (mean 54.4 ± 12.6 y), with 55 patients being 75 years or older. Of the 1000 cases of PCNL, 659 were performed in male patients and 341 in female patients. The stone characteristics were 490 noncomplete staghorn kidney stones, 218 ureteral stones, 119 kidney þ ureteral stones (concomitant kidney and ureteral stones), and 173 complete staghorn stones (Table 1 ). The mean stone size was 3.5 ± 2.0 cm (range 0.5e13.7 cm). Two hundred patients had a stone size of 5.0 cm or greater. The average operative time was 78.0 ± 29.4 minutes (75.8 min, 72.0 min, 73.2 min, and 95.5 min for kidney, ureter, kidney þ ureter, and complete staghorn stones, respectively). The stone free rates were 78.8%, 100%, 84.9%, and 45.0% for kidney, ureter, kidney þ ureter, and complete staghorn stones, respectively, with an overall stone-free rate of 78.3%. The average postoperative hospital stay was 3.6 ± 2.1 days (3.7 d, 3.2 d, 3.7 d, and 3.8 d for kidney, ureter, kidney þ ureter, and complete staghorn stones, respectively). The postoperative hospital stay in our series was longer than in other reported series as the National Health Insurance System in Taiwan is managed by the government and covers most of the medical fees. Thus, patients in Taiwan prefer to stay in hospital until they feel completely better. All patients had a hemoglobin level >10 g/dL before the operation. Twenty-four patients (2.4%) required postoperative transfusion, one patient underwent urgent surgical exploration and subsequent nephrectomy due to severe postoperative hemorrhage, and one patient needed an angiographic embolism due to delayed hemorrhage. Postoperative fever was noted in 104 (10.4%) patients (12.0%, 4.6%, 7.5%, and 15.0% for kidney, ureter, kidney þ ureter, and complete staghorn stones, respectively) and postoperative sepsis was recorded in 13 (1.3%) patients. All of the patients with urinary tract infections recovered well after proper antibiotic treatment. Pulmonary complications were noted in 10 patients (1.0%) including hydrothorax in five patients, hemothorax in two patients, pneumothorax in two patients, and acute pulmonary edema in one patient. Conservative treatment or insertion of chest tube (or pigtail) were given to those patients depending on the severity of disease and the decision of the thoracic surgeon. Cardiovascular complications occurred in two patients including congestive heart failure in one patient and pneumomediastinum in one patient, which was caused by air being forced into the retroperitoneal space that then spread to the pericardial space (Table 2 ).
Discussion
Percutaneous renal surgery is a common urological procedure for the treatment of upper urinary tract stone disease, ureteropelvic junction stricture, and tumors of the upper urinary tract. When performing PCNL, placement of a nephrostomy tube after completion of stone extraction was traditionally considered to be standard practice. Since the first report of tubeless PCNL in 1997 by Bellman et al, 4 several investigations have focused on reducing morbidity and improving postoperative patient comfort without sacrificing the safety of the procedure in select patients. effective even in patients with a solitary kidney, or with multiple renal access tracts. In 2006, we reported our experience of performing tubeless PCNL in patients with a large stone burden, and our results showed that it was safe and efficacious. 8 The safety and efficacy of simultaneous bilateral tubeless PCNL has also been investigated. A prospective randomized controlled study was performed to evaluate the feasibility and outcomes of staged versus simultaneous bilateral tubeless PCNL for 99 patients with bilateral renal staghorn stones by Wang et al 13 in 2011. Their results showed that the procedure was a safe, efficacious and cost-effective option for bilateral renal staghorn calculi. 13 Tract cauterization and hemostasis tubeless PCNL has become the standard procedure when performing PCNL in every patient at our hospital, even in geriatric patients, patients with large stone burden, and patients with bleeding tendency or receiving anticoagulant therapy. 5, 14, 15 Renal hemorrhage is a life-threatening complication of PCNL, especially when the access tract has not been tamponaded with a nephrostomy tube. Several studies have reported attempts to minimize postoperative hemorrhage. In 2004, we reported our experience of cauterizing the access tract for hemostasis after PCNL, leading to more patients being suitable for tubeless modification. 8 Coagulating agents have also been used to seal the access tract and improve hemostasis. transfusion rate of 10.9% and postoperative fever rate of 2.8%. In one of our previous studies, we showed that tubeless PCNL decreased postoperative analgesic requirement and shortened the postoperative hospital stay. 8 The results of the current study showed a reasonable complication rate for tubeless PCNL with a transfusion rate of 2.4%. Our experiences of 1000 tubeless PCNLs suggest that with adequate hemostasis, tubeless PCNL is a safe procedure for the treatment of urinary tract stone disease even in patients with complicated stones. 
